Abstract-A path loss determination for 403 MHz MICS band antennas based on measurements in body phantom liquid is presented. Suitable antennas were identified that can be used in medical implants. A reproducible measurement setup has been tested that allows for a quantitative comparison of different implant antennas.
I. INTRODUCTION
Modern medical implants like pacemakers etc. are equipped with a wireless communication module for several tasks. Appropriate antennas must be miniaturized and must have a good gain to reduce transmit power and save energy. This work is focused on antennas for the well regulated Medical Implant Communication Service (MICS) band at 402-405 MHz. We use MICS band radio devices from microsemi (i.e. ZL70325). To the best of our knowledge these devices are the only commercial available MICS band transceivers. They exhibit a maximum transmit power of -2 dBm and -99 dBm maximum receiver sensitivity. The presented examination can for example be used for a continuous monitoring of blood sugar levels [1] , [2] , [3] . Here the size of the implant is governed by the dimension of its battery (28 x 31 x 5 mm) and antennas should not exceed its size. A test setup was used in this work to simulate conditions of antennas inside the human body. The antennas sent radio waves through a lossy medium and the received signal strength was measured at varying distances.
II. RELATED WORK
MICS signals traveling through human bodywere simulated by Johansson [4] . Results were verified using a body phantom (-25 dB at 20 cm). It was pointed out that antennas in lossy medium should be analyzed in target environment to include interference pattern effects. In [5] models for implantable devices including path loss, body phantoms and antenna designs were compared. The examination of propagation loss of onbody and in-body devices in the 400 MHz and 2.45 GHz Industrial, Scientific and Medical (ISM) band is presented in [6] . Measurements were done in an anechoic chamber using a body phantom like also done in [7] . In the latter the attenuation, Received Signal Strength Indicator (RSSI) values and error rates at different depths were measured. A small multi-turn printed loop antenna (8.2 x 8.1 x 1.0 mm) with a proposed gain of -60 dBisotropic (dBi) around 403 MHz was developed by [8] . This antenna is used in [9] for 3D-simulation to derive a path loss model for implant communication for the National Institute of Standards and Technology (NIST). Another MICS band 3D-antenna design achieves a minimum gain of -35 dBi [10] and the MICS band patch antenna suggested by [11] obtains a gain of -52 dBi. In [12] body effects on implantable antennas at 2.4 GHz, 915 MHz and 433 MHz were simulated.
III. METHOD
Different antennas transmitting radio waves from inside a body phantom (Tab. II) to a receiver outside were measured in order to derive path loss parameter (L path ). L path (dB) is the difference of transmitted power P tx (dB) and received power P rx (dB). Our assumed path loss model is shown in Fig. 1 . L path is the sum of all occurring losses. Comparable measurements were done in [13] for a photobioreactor application. Path loss were compared with theoretical values for Free Space Path Loss (FSPL).
A. Setup and Measurement Procedure
Measurements were done in a large-spaced laboratory (9.8 x 7.5 m). An Agilent spectrum analyzer was used as receiver (RX) at fixed positions. It was controlled remotely to prevent influences through presence of human body in the electromagnetic field. A Rhode&Schwarz frequency generator operated as transmitter (TX) that was moved in steps of 1 m to cover different distances. Experiments were carried out for +10 dBm, 0 dBm and -30 dBm transmit power to analyze typical cases as well as corner cases. Three glass vessels (Tab. I) filled with muscle phantom liquid (Tab. II) were used as body phantom. The transmit antennas were placed 450 mm above the floor, centered in a fixed angle inside the glass vessels and covered by a plastic bag. The received signal strength of a sinusoidal 403 MHz signal was captured over 1 s with a sampling rate of 1 kHz. In addition, measurements were done in air and distilled water. 
B. Antennas
Several small-sized antennas (Tab. III) were studied. On RX side a helical antenna (H) [14] , component of the Zarlink Development Kit 2.1.1, was used during all experiments, while different TX antennas were investigated. The first evaluated TX antenna was a printed loop for 2.4 GHz ISM and 403 MHz MICS band (L) for usage in air. This antenna was part of the Zarlink Development Kit. Second studied antenna was a ceramic chip antenna (C) provided with Texas Instrument's Antenna Selection Guide [15] . It is designed for 433 MHz operation in air. Third investigated antenna was a multiturn printed loop antenna (M) based on [8] . The design parameters of this antenna had to be changed to match our in-house capabilities. We had to size-up the vias in the center, remove some inner loops and extend the outer loops to keep the original wire length. Consequently dimensions changed slightly in comparison to [8] . The last analyzed antenna was a common λ/4-wire (W) for 433 MHz acting as reference.
IV. RESULTS Fig. 2 shows the results achieved with reference antenna W as TX and RX antenna in all three vessels filled with muscle phantom. The most severe losses were obtained in vessel 1. Accordingly, all the following results refer to vessel 1 as worst case examination. In air the worst case path loss of the evaluated antenna combinations is averaged 9-19 dB above FSPL except for M (Fig. 3) . For M L path is averaged 64 dB higher than FSPL. Path loss in distilled water exceeds FSPL on average 20-23 dB for combinations W, L and M (Fig. 4) . In distilled water C differed 63 dB from FSPL. For muscle phantom the measured values are plotted in Fig. 5 . rough picture because measurement positions differ only in 1 m while MICS wavelength is 0.74 m. Another influences has the antenna's gain L tx . Antennas W, C and L are designed for use in air due to this we see best results in Fig. 3 . Additionally we had to take into account W and C are optimized for 433 MHz inducing higher attenuation at MICS band signals.
The measurements in distilled water (Fig. 4) show a difference for W, C and L of 4-54 dB in comparison to air. M performs 44 dB better then in air. This is caused by antenna mismatch affecting L tx . The used media have a permittivity and a conductivity σ [18] . σ represents the absorption of energy if an electric field induce polarization in a dielectric resulting in a weakened field [18] . of a surrounding medium changes the antenna's capacity. Due to this its electrical size changes affecting the resonance frequency. If there is a mismatch between carrier frequency and resonance frequency the emitted energy is not at maximum. and σ are frequency dependent [4] . Distilled water and muscle increases extending electrical antenna size leading to a lower resonance frequency and debilitated emitted energy. To overcome this antenna matching must be adopted to the surrounding medium. All used antennas except M are made for usage in air so there is a mismatch between carrier and resonance frequency increasing L tx hence L path . In muscle phantom W and C perform better then in distilled water (Fig. 5 ). This is due to the lower r of muscle (57.1 [4] ) in comparison to water (80.0 [19] ). M is designed for use inside human bodies and has its best performance in distilled water (-44 dB in comparison to air). In muscle L path is in average 62 dB. It was assumed that M performs best in muscle due to the simulation results of [8] . Both antennas are the largest examined antenna designs and must be shaped carefully to fit the dimensions of the implant. C shows only 2 dB poorer results then L on the average and it is a very small antenna design. L and C seem to be the best choices for most medical implant applications, with C to be preferred for ultimate miniaturized systems.
VI. CONCLUSION
A path loss model and a simple measurement setup to evaluate antennas for medical implant devices in a MICS band application environment were presented. We measured received signal strength for different miniaturized antennas in air, distilled water and muscle phantom. Special antenna designs and commercial antennas we found to be available that enable wireless communication through body tissues up to a distance of 5 m using a standard MICS band radio module with receiver sensitivity of -99 dBm. Implant loop antenna (L) and a ceramic chip antenna (C) -both available from commercial suppliers -were identified to yield lowest path losses L path when emmitting from a body phantom.
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